OBJECTIVES: Non-small-cell lung cancer (NSCLC) following pulmonary or pharyngolaryngeal malignancies has been widely studied, but only a few articles have focussed on lung cancers following other solid malignancies. Our purpose was to compare the characteristics and prognosis of patients with NSCLC according to the medical history of the extra-pulmonary and extra-pharyngolaryngeal solid malignancy.
INTRODUCTION
Multiple primary cancers involving the lung were first reported by Cahan et al. [1] in 1969. Sochocky et al. [2] then reported a frequency of 8.6% among the patients with lung cancer. Lung cancer commonly occurs after previous pharyngolaryngeal or lung cancer, and these situations have been commonly studied in the past [3] [4] [5] . Massard et al. [6] published the first article focussing on lung cancers occurring after other system malignancies in 2000. This study included 55 patients, but some of them presented a history of leukaemia, whose pathology and management are very far from those of solid malignancies. More recently, Hofmann et al. [7] reported 163 patients with primary lung cancer and previous extra-pulmonary malignancy, but only a minority of these patients underwent a curative resection. In the absence of previous large series, our purpose was to further analyse the results of the surgical resection of lung cancer in patients with a history of extra-pulmonary and extrapharyngolaryngeal solid malignancy.
MATERIAL AND METHODS
The clinical records of patients who underwent surgery for NSCLC from January 1980 to December 2009 in Georges Pompidou European Hospital (Paris) and Cedar Surgery Centre (Bois Guillaume) were prospectively collected and retrospectively analysed. The preoperative diagnosis workup included chest X-ray, bronchoscopy, computed tomography (CT) scan of the chest, spirometry, lung perfusion scan and a thorough search for distant metastases including PET-scan in recent years. Mediastinoscopy was performed to exclude N3 disease and to confirm N2 involvement in patients included in various induction therapy protocols depending on different referring centres. N3 disease and distant metastases precluded surgery. The staging system was the seventh edition of the International Staging System for NSCLC [8] .
Patients were divided in two groups according to their previous oncological history. Group 1 included patients with no history of other cancer. Group 2 included patients with a history of previous extra-pulmonary and extra-pharyngolaryngeal solid malignancy. A second malignancy was considered metachronous when it was diagnosed and treated before discovering the lung cancer, and synchronous when both malignancies were diagnosed at the same time. The malignancies were considered as two primaries when the histology was different or after immunochemistry confirmation when histology was similar. Doubtful cases were considered as potential metastases and then excluded. There were 4992 patients: 4603 (92%) in Group 1 and 389 (8%) in Group 2.
The study was approved by our Thoracic Surgery Society Ethic Committee (CERC-SFCTCV) that waived need for informed consent. Follow-up information was obtained from the hospital case records, from a questionnaire completed by either the chest physician or the general practitioner or from death certificates. Postoperative mortality was defined as any death occurring during the first month after surgery or during the initial hospital stay if longer. The main outcome was the overall survival, defined as the time interval between the date of lung surgery and the date of death or the last follow-up visit for censored patients. The average follow-up duration was 72.8 ± 48 months. Actuarial survival curves were estimated by the KaplanMeier method. Statistical comparisons between survival distributions were made using the log-rank test. Multivariate analysis was performed using the Cox proportional hazards model for overall survival analysis. Univariate analysis used the following outcome variables: gender, age, type of surgical resection, histology, type of N involvement, and history and site of previous solid malignancy. All data analyses were conducted with the twosided test: a P value was considered as statistically significant when <0.05. The statistical software used for the analysis was SEM (Anticancer Centre Jean Perrin, Clermont-Ferrand, France) [9] .
RESULTS
Demographics of the populations are given in Table 1 . The number of patients presenting with a history of extra-pulmonary and extra-pharyngolaryngeal solid neoplasia increased from 2 to 8% over the last 3 decades. In comparison with Group 1, Group 2 showed an older population (65.9 vs 61 years, P < 0.001), a higher proportion of women (34 vs 18%, P < 0.001) and nonsmokers (20 vs 10%, P < 0.001). Among patients in Group 2, 73 NSCLC (19%) were synchronous and 316 (81%) were metachronous with the first cancer. For metachronous cancer, the time interval between the first and second cancer was 87 ± 79 months (range 6-146 months). The frequency of induction therapy was similar between the groups. Surgical outcomes did not significantly differ between the groups: postoperative mortality was similar (3.6%) and postoperative complications were not significantly different (22 vs 25%, P = 0.28).
Histology and pathology of the populations are provided in Table 2 . In comparison with Group 1, Group 2 showed a higher proportion of adenocarcinomas (53 vs 40%, P < 0.001), a higher proportion of T1 tumours (27 vs 26%, P = 0.047), a higher proportion of N0 extension (59 vs 52%, P = 0.0086), and a higher proportion of second nodule in the same lobe (4 vs 2%, P < 0.001). As a consequence of the smaller T size and less-frequent N involvement, pneumonectomy was performed less in Group 2 than in Group 1 ( Table 1) . Postoperative mortality was similar in both groups, Percentage of not available data concerning smoking habits is similar in both groups (P = 0.46). despite a slightly higher rate of postoperative complications in Group 2. The sites of the previous cancers observed were: bladder (n = 52, 13.4% of Group 2, 1% of the whole population), colorectum (CR, n = 61, 16 and 1%), prostate (n = 57, 15 and 1%), breast (n = 74, 19 and 2%), kidney (n = 37, 17 and 1%), uterus (n = 25, 6% and 1%), skin (n = 25, 6 and 1%), upper gastrointestinal (GI) tract (n = 29, 7 and 1%), thyroid gland (n = 7, 2 and <1%), testis (n = 6, 2 and <1%), melanoma (n = 2, 1 and <1%) and liver, ovary and vagina (n = 1 each, <1 and <1%). The patients' characteristics according to the site of the previous malignancy are summarized in Table 3 .
In univariate analysis, 5-and 10-year overall survival were not significantly different between Groups 1 and 2 (45 and 29% vs 40 and 22%, respectively, P = 0.091) (Fig. 1) . The median survivals for Groups 1 and 2 were 47 and 42 months, respectively. Among the 4603 patients included in Group 1, 3309 patients died: 1653 (50%) of NSCLC, 175 (5.3%) of another cancer, 630 (19%) of a non-malignant disease and 851 (27.7%) from unknown reasons (non-significant). Among the 389 patients included in Group 2, 266 patients died: 128 (48%) of NSCLC, 23 (9%) of another cancer, 50 (19%) of a non-malignant disease and 65 (24%) from unknown reasons. Long-term survival did not significantly differ between synchronous and metachronous cancers (5-year survival 33 vs 42%, respectively, P = 0.15). In multivariate analysis, older age, male gender, pneumonectomy, higher T, higher N, incomplete resection, and history of extra-pulmonary and extrapharyngolaryngeal solid malignancy were significantly associated with a worse prognosis (Table 4) .
When deciphering the respective roles of previous cancers in the adverse prognosis of Group 2 patients, we found three subgroups of previous cancers that impact the prognosis (Tables 5 and 6 ). Within Group 2, the overall survival was high in the case of breast or uterus malignancies (OR 1.13; 95% CI 1.06-1.20 when compared with Group 1 used as a reference), intermediate in case of skin, kidney, colorectum, and prostate malignancies (OR 1.28; 95CI 1.13-1.45), and low in the case of bladder and upper GI malignancies (OR 1.45; 95CI 1.2-1.75, P < 0.001).
DISCUSSION
Studying the characteristics and prognosis of lung cancer resection in patients with previous extra-pulmonary and extrapharyngolaryngeal solid malignancy, we found that despite an earlier diagnosis and lesser resection performed, long-term survival was significantly worse than in the overall surgical population.
Although the natural history of NSCLC as a second cancer remains unknown, the epidemiology of cancer survivors is widely reported. In the USA, improvements made in early detection and curative treatments have led to a threefold increase in the number of cancer survivors since 1971 [10] . This number is still growing by 2% every year, which shows that the proportion of patients undergoing NSCLC resection after previous extra-pulmonary and extra-pharyngolaryngeal solid malignancy has progressively increased over the last decades [7, 11] . This group of patients includes a higher proportion of female, an older age and a higher proportion of non-smokers. Cancer incidence is increasing with age, explaining that advanced age is found in the group with a previous malignancy, as previously Percentages in brackets represent the proportion in each site (total of the column = 100%). Percentages in italics represent the proportion in each time period (total of the line = 100%).
described by Quadrelli et al. [11] . Finally, the oncological history can potentially explain the higher rate of non-smoking patients in this group [12] .
Patients presenting a history of malignancy undergo treatment at earlier stages of their lung cancer compared with those with no history of previous cancer. This situation suggests that the follow-up of patients who have survived a first cancer allows the screening of a second malignant tumour earlier in its development. In the literature, up to 50% of patients operated on for an NSCLC after a previous malignancy presented a pathological stage I [11] when compared with 30% in the overall population. The proportions of adenocarcinomas and squamous cell carcinomas differ according to the study, with a majority of adenocarcinomas in some [11, 13] , and a majority of SCC in others [6, 14] . This discrepancy may be explained by the heterogeneity of the population studied, and by the difficulties in classifying some lung tumours as primary or metastatic localizations [15, 16] .
Early diagnosis of NSCLC has been recently reported to improve overall and cancer-related survivals in a large screening trial including patients with smoking habits and no history of previous malignancy [17] . However, the link between early diagnosis and survival benefit was not confirmed in our study. On the contrary, patients with a previous malignancy have a worse prognosis than those without, despite this earlier diagnosis. This finding is also debated, as some studies did not find any influence of the oncological history over the prognosis of NSCLC [18, 19] . Furthermore, the 5-year survival of patients with previous malignancy is estimated at around 40%, even in cases of synchronous tumours, suggesting that concomitant diagnoses of pulmonary and extra pulmonary tumours should not rule out sequential resections. Similarly, in most solid malignancies, the suspicion of a unique lung metastasis should not rule out the surgical resection of both tumours [3, 11, 13, 20] .
The worse prognosis associated with previous malignancies hides a heterogeneous situation according to the site of the previous tumour, as previously stated [21] . Interestingly, when Massard et al. [6] reported 55 patients with a history of previous extra-pulmonary and extra-cervical malignancies, three subgroups were described: tobacco-induced cancers (kidney, bladder and oesophagus), hormone-dependant cancers (breast, prostate and female genital) and miscellaneous cancers (skin, colon and leukaemia). However, this classification did not lead to prognostic implications, perhaps because tobacco-related cancers were underestimated, and currently include mouth, pharynx, larynx, lung, oesophagus, stomach, liver, pancreas, kidney, urinary bladder, colorectum and uterine cervix [22] . Moreover, prostate cancer had nowadays a better prognosis than breast or cervix cancers [21] . Our prognostic analysis led to a different classification, with higher survival in cases of breast or uterus malignancies, intermediate in case of skin, kidney, colorectum, and prostate malignancies, and low in cases of bladder and upper GI malignancies. This classification suggests that long-term survival is driven by the prognosis of both previous malignancy and NSCLC, with no localization overwhelming the other. Pneumonectomy vs other (reference) P < 0.001 P < 0.001 1.2 1.11-1.30 T2 vs T1 (reference) P < 0.001 P < 0.001 1.31 1.24-1.37 T3 + T4 vs T1 (reference) P < 0.001 P < 0.001 1.70 1.54-1.89 N1 vs N0 (reference) P < 0.001 P < 0.001 1.36 1.31-1.43 N2 vs N0 (reference) P < 0.001 P < 0.001 1.86 1.71-2.03 R1 + R2 vs R0 (reference) P < 0.001 P < 0.001 2.03 1.82-2.25
Group 2 vs Group 1 (reference) 0.091 P < 0.001 1.25 1. 10-1.43 This study has several limitations, including the retrospective analysis, bicentric setting, and the lack of information regarding the management of previous solid malignancies. However, the large number of patients in both groups allows powerful comparisons of the study and control groups.
With respect to these limitations, this study shows that despite earlier diagnosis, patients with a history of previous extrapulmonary and extra-pharyngolaryngeal solid malignancy have a worse prognosis after surgical resection of NSCLC, when compared with those with no history of malignancy.
